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ABSTRACT 

The time domain is under-exploited in an astrophysical context, because the large 
photographic plate collections are almost never consulted by young astronomers. This 
is a result of lack of education of the more recent generations of astronomers, and of 
the deluge of terabyte-size datasets produced by new observations. Yet astronomical 
plates represent a unique set of resources and their quality does not improve with 
time. We point out valuable scientific projects that can be conducted with archival 
images and describe a first step to realize this at the Uccle Observatory, in Belgium. 
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1. Introduction 

Modern astronomy has become a multi-frequency discipline, where simultaneous observations 
from the 7-rays to radio are used to disentangle the physics of celestial sources. Such observations 
are obtained by ground or space-based platforms and are available to the investigator almost 
immediately, in a digital format. Modern astronomy has become a science domain where 
investigations are conducted by manipulating large data files on computers. 

Clearly, this was not always the case. Permanent records have always been kept by 
astronomers, from scratches on pre-historic animal bones indicating the phases of the Moon, 
through stellar catalogs of Greek and Roman astronomers (culminating with Ptolemy's Megale 
Syntaxis compilation) and Galileo's telescope drawings. Since more than a century ago, 
semi-permanent impartial records have been available in the form of photographic plates. The 
first photograph of a comet (Donati in 1858) is almost 1.5 centuries old (Pasachoff Sz Olson 1995). 
Most of the images of the sky more than one decade old are not available digitally, with the very 
few exceptions of the large sky surveys. The scanning and subsequent calibration of the Palomar 
Sky Surveys (POSS-I and POSS-II) yielded very useful data sets, such as the Guide Star Catalog 
and the Digitized Sky Survey (DSS and XDSS). These digital images can now be compared with 
images taken in other spectral bands. 

Modern astronomy is, therefore, multi-spectral in that it combines optical information with 
that collected in other bands. But while the recently-obtained data are available electronically 
and can be used to explore physical processes currently taking place in the target objects or recent 
changes in such objects, any long-term behavior remains largely unexplored. 

Yet the world astronomical archives contain today more than two million photographic plates, 
each covering a sky region of one square degree or wider. Most of the plates are relegated to 
hardly-used astronomical archives; some even represent obstacles to the development of existing 
observatories, or belong to archives of "defunct" observatories. The purpose of this paper is to 
emphasize the scientific potential of such a rich heritage, to give some examples of recent usage 
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and of possibly interesting future usage, to expound on ways to provide the information to the 
astronomical community, and to explain about the first steps taken in this direction by any 
interested group. 



2. Plate archives and the IAU 

The IAU Working Group on Sky Surveys (WGSS) has been aware of the lack of attention 
generally paid by the astronomical community to the existence of neglected plate archives and of 
the need to safeguard their continued existence. These questions have been discussed at length 
during meetings of the Organizing Committee of the WGSS and its previous incarnations. In 
particular, this subject was emphasized by Dr. Richard West, who called on the WGSS to 
maintain a living archive that could be used to identify and locate relevant plate material for 
various research projects. 

This project has now been realized by MT and his co-workers at the Astronomical Observatory 
of the Bulgarian Academy of Sciences. The information about many astronomical plate archives 
is contained in the Sofia Wide-Field plate archive ( |http: / /www. skyarchive.org ) and has been 
described by Tsvetkov et al. (1997). 

On the other hand, changes within old observatories are endangering many plate collections. 
The lack of space caused the compression of the Harvard (HCO) plate archives from three floors 
in a building to two floors. In the process of moving, it is possible that some plates were broken 
and the information once stored in them is now lost (true, perhaps, of some 2% of the plates 
in the collection of the HCO). On the closure of the Royal Greenwich Observatory in the UK, 
the entire historical archive was transferred to temporary storage in London. Although access to 
the collection, which is fully cataloged, is still available through the Institute of Astronomy in 
Cambridge, PPARC in the UK is seeking a long-term home for the collection which will allow 
more research to be carried out and a program of plate digitization, where appropriate. 

An IAU Working Group concerned with 100-yr old plates has been in existence for some 
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years. Its main target is the salvaging of the original plates of the Carte du Ciel (CdC), some of 
which are more than older than 100 years. Some of the CdC plates are already threatened because 
their emulsions are delaminating from the glass substrate, so their information is about to be 
lost forever to humanity. At the 24th General Assembly, the International Astronomical Union 
recognized the need to save the legacy of old photographic plates when it adopted Resolution B3, 
"Saving the information in photographic observations". The Resolution recognizes the need for 
judicious action, and urges the Union to support suitable steps to save the plate collections. A 
Working Group is now being organized (WG for Preservation and Digitizition of Photographic 
Plate Archives), which will include representatives of countries hosting research quality plates, 
people engaged professionally in scanning and/or preserving plates, and leaders of projects to that 
end. This new WG is expected to operate under IAU Commission 5. 

3. Projects using archival information 

Below we give a number of examples when archival information from photographic plates was 
instrumental, and in some instances essential, to disentangle astronomical information. We also 
present a first-class scientific study that could be completed solely with archival plates. 

3.1. Solar system studies 

Pluto: While it is well-known that the discovery of Neptune was the result of its perturbing 
effects on the orbit of Uranus, the discovery of Pluto by Clyde Tombaugh was the result of 
a systematic search using photographic plates. The orbit of Pluto is problematic because the 
observations span only a small part of its orbit and the astrometry is prone to systematic zone 
errors in the catalogs. In addition, there is a systematic bias whose origin is not known (Standish 
1996). An improvement in the absolute ephemeris is possible from remeasuring archival plates 
with new equipment and putting the results in the framework of modern astrometric catalogs; this 
is necessary for a future spacecraft mission to Pluto, such as the Pluto Fast Flyby Mission. 
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3.2. Stellar studies 

R Aquari jet: The morphology of this object has been studied by Hollis et al. (1999) using 
archival information from the Lowell Observatory plate archives. The data from the digitized 
images, show that the jet of R Aqr was already affecting the inner compact nebulosity even before 
the early 1970s, when it was first observed and reported. The age of the jet can be estimated at 
~100 yr, from the proper motions of the oldest radio-jet components. 

Eclipses in SS Lac: This system was known as an eclipsing one (P=14 d .42) until ~1950. 
The cessation of the eclipses was explained by Torres &; Stefanik (2000) as a result of a third 
body orbiting in the system; this changed the inclination of the eclipsing binary. That result was 
derived from studies of long-term photometric variability using photographic plates as well as new 
observations. 

The mass of Procyon: The derived mass for the F5 primary in the a CMi system has 
been adjusted by Girard et al. (2000), on the basis of astrometric information from more than 250 
archival plates. It is now close to the theoretical value. 

Activity of red dwarf stars: Studies of variability of flaring stars can benefit very much 
from long-term monitoring with photographic plates. Bondar' (1995) studied this with plates from 
Moscow (Sternberg), Odessa and Sonneberg observatories, covering a 90-yr baseline. Ten objects 
out of a sample of 29 showed detected or suspected long-term variability. Two stars, V833 Mon 
(dK5e) and PZ Mon (dK2e), showed high-amplitude changes of 0.6 and 1.0 mag on timescales of 
60 and 50-yr, respectively. 

Searches for optical counterparts of GRBs: The existence of extensive archives on 
photographic plates makes it possible to search for transient optical phenomena that could be 
related to recurrent activity of gamma-ray bursts. Although such coincidences are likely to be 
extremely rare, Hudec et al. (1994) found such a transient by searching through 9104 photographic 
images covering the region of GRB 910219. They discovered that a short light flash (<35 minutes) 
occured on May 10, 1905 and it could not have been artificial. The recently suggested relation 
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between GRBs and star forming regions in distant galaxies indicates that such recurrent events, 
from nearly the same sky location, are possible. 

Previously, Shaeffer (1990) used the Harvard College Observatory plate archive to identify 
three optical transients in error boxes of GRBs. A measure of confidence in the detections was 
obtained by performing similar searches for optical transients (with negative results) in a much 
larger control sky area. 

Optical analyses of X-ray stars: For many of the optically identified X-ray stars, such 
as X-ray binaries, X-ray novae, cataclysmic variables, etc., long-term optical data represent an 
extremely significant input for their understanding. The Her X-l/HZ Her system may serve as 
such an example. Archival plates have revealed the existence of active and inactive states, while 
the behavior of the system in an inactive state could be studied so far only by using data from 
plates (Hudec & Wenzel 1976, Simon, Hudec & Kroll 2000) 

3.3. Photometric monitoring of AGNs 

It is well-known that many AGNs, and QSOs in particular, are optically variable. The value 
of photographic plate archives for monitoring this form of acivity across historical time-scales has 
been recognized for some time (e.g., Angione et al. 1981). In fact, Angione & Smith (1985) used 
a subset of historical photographs containing the 3C273 field to study its photometric variability 
over a 93-yr period, from 1887 to 1980. A very interesting finding was the apparent presence of 
a ~16-yr periodicity in the light curve, as shown by a Fourier analysis of the data from 1928 to 
1954 (see Figure 1). 

Angione & Smith (1985) could not conclude whether that periodicity is real or not, nor 
whether it existed prior to 1928, owing to the sparseness of the data sets. Determining the reality 
of very long-term periodic variability is important for reverberation mapping; to-date, no claims 
for periodic phenomena on time-scales of tens of years have been made. However, Tiirler et al. 
(2000) presented recently a long-term light curve of 3C273 in the submillimeter to radio bands. 



-8- 



Their Figure 3 shows these light curves from 0.45 mm down to 2.7 GHz and has two possible peaks 
more evident in the three bands from 37GHz to 15 GHz that are spaced by 7-8 yrs, about half the 
photometric quasi-period suggested by Angione & Smith (1985). Tinier et al. (2000) interpret the 
variability as the signature of multiple outbursts in the synchrotron emission from the jet. If such 
outbursts are periodic or quasi-periodic, the cause is likely to be a physical mechanism such as 
precession of the accretion disk and of the jets, as in SS433. 

Additional optical variability work using more photographic plate data can be applied to 
expand the work of Angione & Smith (1985) so as to confirm or reject the approximate period 
which they determined. In the Wide-Field plate archive we found information on many hundreds 
of additional plates covering the 3C273 field that were not included in the Angione & Smith work. 
The ready availability of such data in digital form would clearly constitute an extremely valuable 
resours for the determination of such basic scientific facts. 

4. Technical feasibility 

In order to realize the potential of the historical information recorded on astronomical plates, 
it is vital to present that information in digital form for inclusion in modern studies. To that end, 
the international community needs to: 

1. locate historical plate archives and catalog their contents in a computer-readable format 

2. provide appropriate storage conditions to safeguard the plates; this may entail concentrating 
the plates at a few locations 

3. ensure the accessibility of the information for research 

4. select or design modes for scanning the relevant plates 

5. generate reasonably complete digital datasets from the photographic information 
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Fig. 1. — Light curve for 3C273 using the data of Angione & Smith (1985). Note the two peaks, 
corresponding approximately to 1939-40 and 1949-52. 
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Fig. 2. — Photographic plates covering the field of 3C273 available world-wide, as logged in the 
Wide-Field plate archive. 
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The first task is already well in hand, following the opening of the WFPA in Sofia and the 
availability of computerized searches through the SIMBAD facility. 

An important step towards accomplishing the remaining tasks was taken in March 2000, by a 
meeting at the Royal Observatory of Belgium (ROB), in Brussels. This institution has offered to 
host a plate archive for European observatories, to be called UDAPAC (Uccle Direct Astronomical 
Plate Archive Centre). The UDAPAC collection could ultimately contain 0.5 million plates, about 
one-quarter of the entire world collection. To realize this part of the project, UDAPAC must adapt 
and refurbish the assigned space offered by the ROB into suitable plate vaults (waterproofing the 
walls, providing air conditioning, suitable storage cabinets, and the like). 

The cheif objective of the project is the transfer of the photographic information into digital 
information for use by the astronomical community. That requires the development and/or 
modification of scanners to make them (a) fast and (b) accurate enough for the various scientific 
tasks which need to be undertaken. At least two parallel approaches could be followed: 

1. The High-Speed Scanner (HISS: Kroll et al. 1999) of Sonneberg Observatory could be copied 
or adapted, and made available to the ROB and to other similar facilities. The HISS is 

a six-CCD scanner that can digitize a sizeable plate (up to 30x30 cm 2 ) in less than 15 
minutes. First tests show the machine to be stable and accurate. The important point is 
that HISS was produced with a budget of less than $100k. 

2. A commercial flatbed scanner could be adapted for astronomical work. High-quality scanners 
are now available for less than $50k. A set of such scanners was tested by the publishing 
industry (Brunner & Lindstrom 1999) and the results are encouraging. UDAPAC is planning 
tests of commercial scanners for astronomical plates. 
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